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Abstract 
The activity of Titanium (Ti) influences the interface reactions and plays an important role in wettability and 
connectivity between filler metals and ceramics. Based on thermodynamics, the relations between the activity of Ti 
and the components concentration in Sn-Ag-Ti alloys are discussed. The interaction parameters of each component 
are calculated. Analysis and calculations show the interaction parameters of Sn-Ag, Sn-Ti, and Ag-Ti are -
2.17KJ/mol, 23.85KJ/mol and 8.69KJ/mol, respectively in the Sn-Ag-Ti alloys at 723K. Furthermore, the 
thermodynamic activity of Ti increases as Ti content increased from 0 to 2 wt.% at various Ag content in the alloys 
solution at 723K. As the content of Ti remains unchanged, the activity of Ti increased with the increase Ag content in 
the alloys solution at 723K. However, the trend toward increasing the activity of Ti gradually decreased. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
The joining of advanced ceramics to metals is of major interest for various industrial applications [1,7-9].
There are two principal difficulties in joining a ceramic to a mental: the poor wettability of most 
convenient filler metals on ceramics and a very high residual stress around the ceramic/metal interface. 
The poor wettability can be improved by a small addition of active metal in filler metals. A 
thermodynamic prediction has showed that Ti, Zr, Nb, V, Hf and Ta are active metals for ceramics[13].
Soldering with active filler metals containing some active element (e.g. Ti), which promotes wetting of 
ceramic surfaces, is a preferred method of joining[14]. Most of these active filler metals are based on Ag-
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Cu-Ti, Ag-Ti and Ag-In-Ti system[4-5]. However, the high melting temperature of these filler metals cause 
severe thermal stress along the joint interfaces which may even result in the fracture of the joint. 
MRi and Euromat developed a novel filler metal which is Sn-Ag-Ti using for joining ceramics and 
metals[2-3,6]. However, due to the lack of relevant thermodynamic data on soldering alloys, especially on 
the activity of Ti in liquid alloys, the reactions between the ceramic and the filler metals are not well 
understood. Therefore, in order to develop further joining processed and new filler metals, a consistent 
thermodynamic description of Sn-Ag-Ti system is needed. 
2. Activities of Titanium in Sn-Ag-Ti alloys 
The main component of Sn-Ag-Ti alloys was Tin (Sn) and the second was Silver (Ag). The alloys 
contained a little Titanium. Due to the difference interaction parameters of Sn-Ti and Ag-Ti, the activities 
of Ti are different. The Sn-Ag-Ti ternary alloys were regarded as regular solutions. The molar Gibbs free 
energy of an n-component substitution solution phase was given by[8,10]:
0 0 0( ) ( ) Em Sn Sn Ag Ag Ti Ti Sn Sn Ag Ag Ti Ti mG x G x G x G RT x Inx x Inx x Inx G                         (1) 
Where 0SnG ,
0
AgG and
0
TiG parameters represent the Gibbs energies of the pure components Sn, Ag and 
Ti. Snx , Agx and Tix parameters are defined as the molar fraction of each components in the solution. R is 
the gas constant with value 8.314Jmol 1 K 1 , and T is the absolute temperature. EmG is represent the 
excess Gibbs free energy. 
The excess Gibbs free energy EmG  is represented by the Redlich-Kister-type polynomial together with a 
ternary interaction term[8,10]:
(1 ) (1 )Em Ag Ag SnAg Ti Ti SnTi Ag Ti AgTiG x x x x x x W  :   :                                                        (2) 
Where SnAg: and SnTi:  stand for the interaction parameters of Sn-Ag and Sn-Ti in the regular binary 
solutions, respectively. AgTiW is the interaction parameter of Ag-Ti in the regular Sn-Ag-Ti ternary 
solutions. Based on Eq.(2), Eq.(1) can be represented as:
0 0 0( ) ( ) (1 )
(1 )
m Sn Sn Ag Ag Ti Ti Sn Sn Ag Ag Ti Ti Ag Ag SnAg
Ti Ti SnTi Ag Ti AgTi
G x G x G x G RT x Inx x Inx x Inx x x
x x x x W
        :
  : 
(3)
The chemical potential of Ti in solution can be given by: 
(1 )m mTi m Ag Ti
Ag Ti
G G
G x x
x x
P w w   
w w
                                                                        (4) 
Based on Eq.(3), Eq.(4) can be represented as: 
0 2 2( ) (1 ) (1 )Ti Ti Ag SnAg Ti SnTi Ag Ti AgTi TiG x x x x W RTInxP   :   :                           (5) 
The chemical potential of Ti in solution can also be given by: 
0
Ti Ti TiRTInP P D                                                                                                     (6) 
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Where TiD is the activity of Ti in the ternary alloys solution. Based on Eq.(5), Eq.(6) can be represented 
as:
2 2(1 ) ( ) (1 )Ti Ti SnTi Ti Ag SnAg Ag Ti AgTiRTIn x RTInx x x x WD   :   :                                 (7) 
From Eq.(7), AgTiW  shows that the activity and the activity coefficient of Ti increases or decreases 
with the increment of Ag content in the alloys solution. With the assumption that the interaction 
parameter between Ag and Ti is greater than zero ( AgTiW >0), the activity and the activity coefficient of 
Ti increase with the increment of Ag content in the alloys solution. However, with the assumption that the 
interaction parameter between Ag and Ti is less than zero ( AgTiW <0), the activity and the activity 
coefficient of Ti decrease with the increment of Ag content in the alloys solution. 
3. Interaction parameters in Sn-Ag-Ti alloys 
Sn-Ag binary alloys can also be regarded the regular solution. Base on Eq.(7): 
2( ) (1 )Sn Sn SnAg
Sn
RTIn x
x
D   :                                                                                                        (8) 
Data for the binary Sn-Ag system were taken from K.P.Jagannathan and A.Ghosh[11]. It is showed in 
Table 1. Using the photo software, the curve about the relations between ( )Sn
Sn
RTIn x
D
and
2(1 )Snx was showed in Fig.1. 
Table 1 Molar fraction and activity of Sn in Sn-Ag-Ti alloys solution (1073K) 
Snx 0.40 0.50 0.60 0.70 0.80 
SnD 0.368 0.471 0.577 0.686 0.796 
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Fig.1 Relations curve between ( )Sn
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and
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Fig.1 shows the relations between the ( )Sn
Sn
RTIn x
D
and 2(1 )Snx is linear at 1073K, the fitting 
degree is 0.99769 and the slope of the line is SnAg: which is about -2.17KJ/mol. It indicates the interaction 
parameter of Sn-Ag is -2.17KJ/mol. Furthermore, Fig.1 shows the interaction parameter of Sn-Ag is almost 
never changed with altering the Sn concentration in the alloys solution. 
Based on the literature [12] provided data, as the molar fraction of Titanium was 0.02 in the Sn-Ti binary 
alloys solution, the activity of Ti was 0.905 at 723K. Calculated by Eq.(8), the interaction parameter about 
Sn-Ti ( SnTi: ) was 23.85KJ/mol. As the molar fraction of Ag and Ti was 0.40 and 0.01, respectively in the 
Sn-Ag-Ti Ternary alloys solution, the activity of Ti was 0.819 at 723K. Substituted these data into Eq.(7), 
the interaction parameter about Ag-Ti ( AgTiW ) was calculated. The value of the interaction parameter about 
Ag-Ti was 8.69KJ/mol. Due to the value of interaction parameter about Ag-Ti in Sn-Ag-Ti ternary alloys 
solution at 723K was greater than zero, the activity and the activity coefficient of Ti increase with the 
increment of Ag concentration in the alloys solution. 
4. Analysis and Discussion 
Based on the interaction parameters about Sn-Ag, Sn-Ti and Ag-Ti, Eq.(7) can be represented as: 
2 23.97(1 ) 0.36( ) 1.45 (1 )Ti Ti Ag Ag Ag TiIn x x x x InxD                                                    (9) 
Where TiD  represents the activity of Ti in the Sn-Ag-Ti alloys. Agx  and Tix  stand for the molar fraction 
of Ag and Ti content in the ternary alloys. Figure 2 shows the relations between Tix  and TiD  in the Sn-
Ag-Ti alloys at 723K. 
Fig.2 The relations between Tix  and TiD  in the Sn-Ag-Ti alloys at 723K 
Fig.2 shows the activity and the activity coefficient of Ti increases as Ti content increased from 0 to 2 
wt.% at various Ag content in the alloys solution at 723K. The activity and the activity coefficient of Ti 
increases as Ag content increased from 0 to 40 wt.% while the Ti content maintain the same in the Sn-Ag-
Ti alloys solution at 723K. As the Ti content is 0.8 wt.% and the Ag content varies form 30 to 40wt.%, 
the activity of Ti are about 0.51 and 0.518 respectively in the alloys solution at 723K. The trend toward 
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increasing the activity and the activity coefficient of Ti gradually reduces as the increment of Ag content 
in the alloys solution.  
Sn-Ag-Ti active filler metals must contain amount of Ti in order to ensure the activity of Ti in the 
interfacial reactions. With the assumption that the activity of Ti is relatively low in the alloys solution, the 
chemical reaction between the filler metals and ceramics will be insufficient or even difficult. In order to 
get good wettability, a high thermodynamic activity of Ti must be ensured in the filler metals. However, 
as the Ti content increases the melting point of the filler metals, intermetallic compound and brittleness 
will increase. Therefore, the Ti content and the activity of Ti in alloys are studied, in order to get the low 
melting point of filler metals and high activity of Ti in the alloys.  

Fig.3 The activity curve of Ti in Sn-Ag-Ti alloys at 723K 
Fig.3 is the activity curve of Ti in Sn-Ag-Ti alloys at 723K. Fig.3 shows the activity of Ti increases as 
Ti content increased from 0.18 to 2.25 wt.% while the Ag content maintain the same in the Sn-Ag-Ti 
alloys solution at 723K. As the Ag content vary from 10 to 20 wt.%, in order to ensure the activity of Ti 
is 0.9 in the alloys solution at 723K, the Ti content are about 1.67 wt.% and 1.52 wt.%. Therefore, to get 
the same activity of Ti, the Ti content decreases with the increment of Ag content. This point is the same 
as the interaction parameter between Ag and Ti. As the interaction parameter between Ag and Ti is 
8.69KJ/mol, which is positive value, the activity of Ti increases with the increment of Ag content.  
5. Conclusions 
Based on thermodynamics, the relations between the activity of Titanium and the components 
concentration in Sn-Ag-Ti alloys have been investigated. The main conclusions obtained are summarized 
as follows. 
(a) The interaction parameters of Sn-Ag, Sn-Ti and Ag-Ti are -2.17KJ/mol, 23.85KJ/mol and 
8.69KJ/mol, respectively in the Sn-Ag-Ti alloys solution at 723K.  
(b) the activity and the activity coefficient of Ti increases as Ti content increased from 0 to 2 wt.% at 
various Ag content in the alloys solution at 723K.  
(c) As the Ag content increases the activity of Ti increases. However, the trend toward increasing the 
activity of Ti gradually reduces. 
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 (d) In order to obtain a high thermodynamic activity of Ti, the Ti content decreases with the increment 
of Ag content. Therefore, the interaction energy between the Sn-Ti and Ag-Ti are the main factors that 
affected the thermodynamic activity and activity coefficient of Ti at the various temperature.  
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